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0 - USE OF CONDITION RERORTS WD WEATHY RDATA e
;. IN FORCASTING THE YIZLD PER AORE OF WHEAT . & ~« "Ll
"ﬂ3jg ';; By Fred ﬁ,;Sandereon,,RegearcthBéisggntv;/LH"‘} ; N
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The importance of forecests of crop production is 1noreased during crif*cal

”{ftimeé. With the Nation at war and committed to the task of supplying food and otler
~agricultural products to its crmed services and itg Aliies,.adequate forecasts auu

needed as carly as possible in the growing season.. The mehdod of improv1nn cron

»-forecosts developod in this study points the way to incr(aqin precision in- the

. monthly crop reports of the Department., The study was or‘ginally undertaken ug o
~opert of the general project of rescarch in 0rop~cvt¢mdtin sothodology under Bank-

* head~Jones Funds, The author was assigned that part of the plogect which hod o s
- with the estimating of spring-wheat yilolds from condition reports and weather dabo,

in tho four principal spring wheat States of the United Stotes (Minnesota, Hovth

s n kota,- South Dakota, and Montand) "nd tho contiguous Praiwia Provincos of Conodo,’

»

Whether rawsonably Tbll ble forec 06 of th)t viulds could bo rvﬂu ¢ tho

“basis of the condition figures basad upon crop reporters' roburns in CODJLlfui)u

with one or more weather factors which crop correspondents perhaps do notb cun"h

“gufticlently when judging the condition of the growing crop, wes a fundamenbzl quoo-

SR g(? R - BACKGROUND OF TifB PR OBLIM .

i tion.  The portion of the study relating to the Conadian figures vas cnnnltucl Lo
“and the results of this study are set forth in this report, OSimilar analysce are
“heing completed for the Dakotas, Minnesota, and Montana, Théee will Dbe unted Ly the

RS A

" Crop Reporting Board as additional indicatlons of wheat ylelds in thoso Stuttd,
Whe method doveloped hero 1s appllcable to oth r crops° : :

i -

. I

Uso of Cropn Condjfinn Bigurea ag Indicators of Proqnoctivo Whent Yi’ﬁﬁq S Up

o 1918, the Canadion Government i1ssued official forccasts of yleld and pvodwot:on

of wheub, using the "par" gystem adopted by the Unftod Statcs Departuont of 2:1i-

feulturo in 1912 2/, Tho condition ao reported by crop onrrbbpnnduntb oG ey nrenn sl

ag.a percentage of a Yfull! or Ystandard! crop, Forecasts of production vire . -
;'issucd @arly in Junu, July9 and dugust. e ' o
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I 1019 at thé”su@gestion of the International Institubo of Agvricultvvs, b
WomlnTon Buroau of Static ticm ghifted to a praﬁumdbly Mmoo uxnrt‘mvthoﬁ'uh'L by Lhe
vnvio,nondnntu worv "mhvd to erort candition as o pevcbntvvu nf £ 30 30”L GLOTE 0

S
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lj‘This study was made while thc oubthor was a p‘rt tlnu cmmlmyno of tho bﬂr(<u or
o rese awvh quuvlttn "t quVprd Unlvurﬂity, . - ,

2/ In tho Un31od Stvtoq. the pnr ay Lum Wor ln hdn0¢dl Mee In @ Bencubiot i o
Jormounbd il the cud of the 1240 sosunn, Sco U8, 0,08, Blge, Fabl, s, 170,
Cron rmd Ldvestocl Heporbing Servico ol the Unibed States, Hov, 1805, 1p, o0
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SR RN STATROWT OF T3 HYPOTHTSES .", B
e o ThhT A%b TO.BE TuSTED STATISVICALLY - ,j*« ‘
The aim, of the prcaent gtudy ves *Q detormine’ wnotnur or not rassonabl e
‘1iable forocasts can be made on the basis of the condition figures published by tro
. Dominion Buresw of Statistics, 7/ and whegher such forecaste cen be improved sig-
- nificantly by the incluaion of certain weather factora in the enalysis. '
Condition as an Indicetoy of Prosnechivae Yield. In generel the renortcd
conditlon or appearance of the growiag ocrop is highly useful in forecesting crop
yibld ospbci 1ly late in tho season, as harves?t apwraachos. It is-obvious that

"the ea rlier in the scason a condition figure is taken, khe less dependable 1t is o3
an_ indicator of prospective yield because of the greato opportunity for extrcizs in
subsequent weather to influence the crop outturmn elthew buxcfic1a11v or advorselye

Tne condition flgure is usuelly & much bettor indicator of prospoctive yleld

.after the reproductive stsege of the plant's growth hrs ndvanced to tho polat wherg
the fruit is readily visiblo~~necds of wheat, cars of corn, bolls of cotton, or .-
actual fruit in the cese of opnlos pesches, grepes, otc, o : -

, T

It is to be OYUCLtud that th condition of whest pt or ofter honding time -
~ vould be e much better indicator of probable ylcld then vould be the case olther
© with cotton, where frulting is indetermineate or continuous, or witn root and- tuhur
crops, whero tho product is underground, Thoe condition of wheat in tho Prairie

Provinces should becoms, therefore, en increasingly relisble indicetor of prospac- .. -

tive yield por acre as the scason advences, )
AHowvvor; condition reports can hordly bYe interpreted in n litoral sonso.’, ' .
“When 3C00-porcent condition is defined by the Dominion Buroau of Stetistics as & . o
‘Heondltion promising a yicld egual to the long~time average," it does not follow
. that in practice, a 100-percent conditlon is associrted, oa the avorege, with. the-

mean yicld, a SO-percent condition with one half of the mean yield, snd so,farthg

8/ (Continucd) Hopkins, J, ¥.3 Jeptncr ﬁnd Wacet Yicld in Waotprn Cnn.o“. Cona-
ﬂian Journql of Rosoxrcn, 1958, June and Sent, 193E. - e

Viluon, G, ¥,¢ ,Tho influcnce of reinfrll and tomporaturc on vheat ylelds in Sag-
“katchewan, 1921-1937, Dominlon Burosu of Statlstics, agr. Branch, Ottawa, Dec., 23,
1937, B
Wilson, C, F,: Rolntions betwoen weather factors snd whent yiclds in Wostern -~
Canada. Papor presented at the joint meeting of the Cencdien Socicty of Pechnical .
“agriculturalists and the aAmorican Statistical issociation, Ottewn, June 28, 1938,
(dimoogr:phed) Cf, Proceedings of the Tenth snnual Meoting of the Conadion agri-
culturwl iconomics qoolﬂtj. Junc 1938, pp. 73-86. ' o

Tho following studw’ oppearod ‘when the prosent peper ues ncnrinv cnmp]utlon.- Tha
Anflvence of Procipliniion and fonper"turc or. Wheat Ticlds in thu Plairio Provinvesn,
1921~1940, Canbaa, J“miqim Buresu ¢f Ste tistics, Qn‘rt B ll .Agr. Stuti t;vv
.Vol. 34, ~¢91 Julesan 194L pp, 1G/~1b7 o s :

VL o, .

Several qtudiat of tho offect of woether on Cnnpéinn whart yiﬁlds, most of them ne-

B

published, have beon made by the U, S, Bureau of Agricul tupsl Heonomies, For ¢ s

meyy of theso studices, cf. @ Swenson, V. E.8. A Sarvey of Whent-Crop Bs' ot ion

371(1P fon Ghﬁnda Auutrulla gnd'brgohtin&L"U,S.D,A,,‘St.tls tles. cud aoviond bnes,

‘uq JU]Y 1_941 ‘["p. 42 .)0 N < : Seooi T ey ‘

i Chn nualigru‘on of con%xtion Iiéur\u bcu\d on tho yotnrd of erov . corrunpond nio

cen disooatlavced by tno Duresw in 1941, (A‘i"‘tu D{mimun Daveen of Atatistio
Sherbbve ol Bronchy Quer, Bul, of bzr. Stat,, \ui. Gy Mos Suny april-dws 100)

(. TLRALITY, S T N ot AR L e

R




it /1: ..
' - . |
o

cor thet on crop vonlltlon definud by 100 15 oquvl four timos o crnp c0nditjon Qofinn

bF 25, i Crop correspondonts, in reporting conditions, as a rule, show a tendency to
nnu~vn itimate yileld prospects, to underestimate the intensity of the variation in 1
101d and b0’ shy avay from reportinp more than a "fair“ yield at any tim0.¢_f e ;

Ciop reportere underestimete yleld prospecte: in thot a reported condition e

' 100~dcfinod as promloing a yield equal to the long-time average~«wou1d actually

indicatd o probable yield considerebly exceeding the long-time average, . If final
vield is exprossed in percent of the long-timo everage and plotted along the y-oxi
of 2 gystem of coordinates, and condition anlong the x~axic, thie fine of aversge ro-

Jdationship would not o the diasgonal defined by the points 0:10; BO: 503 100¢ IOO rfa,

the 1-1 1ino, but would actually lile above this line, This downward bies of i

§'condition reporta would increase as the ssason advances.: (506 tublo 1) Q/

LIf . the ocndition figures would corructly refloct the intenqitx of" variatloxn
of yie;d an increase in condition by & given percentage would indicate, on the
average, an cqual relative increase in yicld. Hence, if cpndition is plotted along

! the horlzontal and yield along the vertical axis, both oxpresscd as percontages of
- their respectivo means, and using the same unit along both axes, the regre eosion co-
. officiont would bo 1. In other words, the regression line br line of avernge ro-

:]atlon would have a slope of 45 degrees, Actually an increase of ten po:vnnf an

yieldn, Crop roportors apparéntly hesitato to roport more than a "oliahily bobbo.

i

" pondition in most cacos indicstes an increaso in yield of more than ten percent,

;Dvd thh line of regression wou]d meet the x--axis at an anbLa of more than 4a Ao
. _(vl\c s . ] . ) . ) . ‘ .

f

'Iu nddition, ‘this . blas 48 not bonstant oversthe wholo range of prospectlve

bhon avérege! yiold at any time, In other sords,. reported condition would no% in-

vaCﬁQb proportionally with piospective yiold. Condition tends ta he a achitlvw'

indlnabor of lov yioLd prospucts, buu becumes 1cma sonmitiv ag pTOupCLtG 1mplqu 4

Pl

e

Curvi]inoar relatJons between reported condition and final yiald have bcuw

onscrvcd in many countrics where crop forecasts are based on numerical indiceticng

regarding the epnoarance of the growing crop as gathered from crop corros nondknts,

‘The lock of proportlonality in the relation of reported condition to final yleld n
Garly as 1927 led the United Statos Departmont of AﬂrlLulturo to abandon thb Upee

metbod of interproting condition figures and to adopt the moro flcexible corielabion
mothod. L D : : S e U C

. \
'lv .

. waﬁvbr ‘°trnlpht lino reintions botwoon "condition” nnd y:old mhy bo fou

A

..... —~ R

0/ 1n tho provinces of Sasltatchowen and Alhgltu.'it'wn found thnt a condition cf

©0 Moo reported at June S0 would corrcspond, on.the aversgo, te o yield ronzing ho-

,Lwann 100 and 124 percont of the long-timo average (1921-37), wherees the LLUp COn-

A0 pcrcout of the overage. Consequently, in interpreting condition rauozl, 211Gy

Adition PuﬂOTtbd on July 3L would indicste a probablo yicld ranging botween 120 and

snca must be made for this tondeney to -declino as the senson advancas. The avor: .o
sondition as’of Hoy 31 durinzg tho period 1921-3% wns 04 for Sapgketchouon end 98 fow
Mbortas The corresponding €igures for June 30 vyo 87-and 93, A reporbtod decline

in the ecoadition fizurce hes ropl significance only when eong jdered dn rolation to :
tho overego chenge durlng tho period, .0 . ., P '

o/ Teka, for exumple, the cose of Sagkatchewen, June 50 (Fig. 1) Vhen yicld woos-
rrobs were poor, - en increase from 8 bushols beloy aversge to 6 Lushels boelow :
avcroes vags accolyonicd, on the sverszo, by an fncrense-in Woondd blon o rooorh, o

Lroneon corrase rdonts Trom -B5 oo LG, thet do, 87 painba, The e Jasocour

H
el vhen prospectden yialde vero hieh (45 to #7 busihols) wss acconponiod by
lnersy so dn roporied “coundition" frowm +14.5 to tl6.8, thab ds, 2,8 polaty,

[




TABLE Y. CONDITION, PRESEABONAL PRECIPITATICY, MAKINI PIMPERATURES, TITLD ATD
. PRODUCTIQN OF (IIAY, 1933~1840 - :
Prog.Fre 10 days! 20 dsyal

CONDITION

Year (Sept.~| (June 21-70) 1(June 21.Ju]y 10 :
Moy 31 |June 30]July 21| Nov.) |Prec. Bax.Temp, [Proc. [Max. Tenp. [Acrensz[¥ielaloend,
SASKATCHEWAN
1921 102 105 99 3.69  0.40 . 85.9 1.20  83.0 13,557 13.0 147
1922 101 98 91 8.64  1.22  74.0 1.88 74,0 12,352  20.3 26D
1923 98 105 108 2,63  3.81 68,2 4,93 92,6 12,701 2l Lin
1924 96 91 7% 2,60  0.11  73.0 0,44  78.8 13,053 10,2 123
19256 100 105 106 2,50 1.23 771 2.18  77.4 12,509 18,8 4.3
1926 104 - 102 90 3.6 0.08 79.5 0.55 B80.0 13,558 16,3 210
1927 94 98 105 387 0.39 775 2.30 78,0 12,970 19,8 £33
1928 e3 100 105 5.15  0.54 72.3 1.24  73.0 13,791 23.3 593
1929 99 89 68 1,06  0.57  69.7 0.92 © 2.7 14,445 11,1 i
1930 95 80 82 2.93  1.76  74.0 2,14 77.8 14,764 14.0 £
1931 77 45 42 3,55  1.79 81,4 2.23 77,1 15,025 8.8 13
1972 92 96 83 3,01  0.78 78.8 3,08  73.8 15,583 13.6 511
1933 99 4 B2 2.0  1.59 74.8 1.98  78.2 14,743  B.? 1.
193¢ 73 77 53 3.65 1.1 74.0 1,72 5.0 13,232 8.6 112
1935 9% 97 85 1.90  0.82  76.0 2,50 77,7 13,208 i0.8 143
1936 95 80 45 2,62 0.44 82.0 0.67 84.8 14,944 7.5 111
1937 78 34 14 1.72 . 9419 86.0 0.26 88.8 13,803 2.7 o0
1ohay 94,0 87.4 6.4 5.9 1.00 767 1.7m  moy 13,776 13.5 108
1928 99 92 5 2.63  0.97 75.6 0.90  77.2 13,793  10.0 1I5
1939 92 101 89 2,48 1.77  70.6 1.00. 74.6 - 14,233 19.1 27
1940 94 89 81 152, 0.55 2.2 1,19 76.1  15,57L  17.1_ 57
ALBERTA
1921 102 83 89 188 0.42  78.4 1,52 %5.1 5,038  10.3 53
1922 102 89 82 2,16  0.93 72.1 2,22 71.8 5,701 11,3 64
1922 100 1iz 112 173 3,28 66.8 4,90 68.8 5,088  23.0 142
1924 o7 91 5 1,28  0.93  73.8 1.31  76.6 6,537  11.0 6)
1925 107 112 117 2.85  0.87 76.6 1.86  75.8 5,334 18,3 03
1926 106 106 94 5.02  1.06 74.4 2.04  76.2 6,139  18.5 114
1927 100 108 108 6.50  1.43  %0.0 3,87  69.2 6,166 27.4 140
1928 103 107 111 B.54  1.92 69.7 3.48  69.8 6,597 £5.5. 108
1929 102 84 66 1,11 0.5% 72,0 1.89  73.8 7,423 12,1 ¢
1950 9% 89 86 2,86 1.03 67,9 1.53  %2.4 7,164  £0.5 127
1921 g4 7 77 3,29 1.67 9.8 2.41  69.8 7,942 17.% 141
1932 102 105 97 2,75  0.77  74.8 1.89  72.2 8,201 0.4 167
1933 98 79 61 3.67 1.2l 71.0 2.07  73.8 7,698 13,0 103
1934 88 95 "8 2.68  1.09 0.3 2,32 70.9 7,501 18,0 115
1935 98 95 81 341 0.59  72.5 1.00  72.6 7,600 13.8 &)
1936 96 83 40 3.07  0.26 81.0 0.656 81.1 7,657 8.8 68
1937 93 63 51 2.69  0.10 7.7 0.42  79.0 2,084 9.4 73
AyoTeap 98.4 92.6  83.8  B.14  1.07  72.9  2.03 7.5 6,741 16,5 111
1978 99 91 91 B.76 1,80 74,0 1.48 736 7,969  18.6 123
1929 96 105 90 2,69  0.63 67.4 0.52  71.0 8,379 19,3 16l
1940 98 99 2,81 _ 0.68_ 70.6 1,69 72.6 8,667 50,9 _1ui
Units of moasui @ Procipitation, Total inches, averags per station; Tronovobura,

Average dally maxinum temporature, in dogroes Fahrvenheit Acicna,
1,000 acress Yic.: Bushols poer acre; Production, Million bugholge ' '
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“3lg’of crop"roportercn-'Thero 1s & danger .of instebility of

0

P

~-to tho condition report, Indeed, it is possidble thut t1v condi
~crop correspondcnts,.pur‘icularly the oarlier ronovts, rolor uo
sown than to acrecge harvested, - Widespreed abandonment of acreige subscouent to tho--
 réporﬁ will, therefore, introuuco an apparent downvard birg in tho condition figuran

shen the, latter ave comparcd with final yield per harvestod acro. -4 chaadonmant Of

- P K L m’? o
Frequently, onpbai 1ly nr]y end Late in’ 1ho scdronb' In tho early part of the grous
ing seacon, the totel correlotion botween Yéondltion" and yield mey bo poor, wnd
1h0 curvillncarity of the rolationshin may be blurred by errors. ¢8~ﬁhﬁ season
dvances, ‘the douarture from Linearity would becomo more anparenbt, Suortly bLefore
b“rwo%t however, prospects of bumper crops bepin to bocons recugnized, ond fne.
relationqhip betuoen "condition“ end yiela vould swuroach o astraigob line, . (Boe
1gurcs 2 and 4) , L : T gi,g¢~ﬁ=-

I
-

Uhere condition 44 plotted ag ainst yield per BEro har a (a practics re
‘sorted to when data for acronge gown are unavailable), iu ¢on ba argued thet tnﬂ
‘departure from 1inearity might wossibly be due to gbandonnont of a e subsequent
Rhoa reports made by
o ClO'O]T Lo acvears

uorcngo tonds to be desoclated with low yiclds rother thon with high yiclds, this
apparent downward bies will be particularly neticcable -in years of poor yields,

uhz]e in years of above-aversge yields and corre swondinml amull extent o1 qbaﬂﬂun%
_mont iv would ﬂvnrcely affoct condition figures ot a]]» - N

R £ thla viewwere more than o partial exnlanntion of tho curv;]1;aaL blag
pxeSPnt in condition figurosn, the relationship betwesn renorted condition and yield
per acre soym would be a straight line. DBut it was found that whe rn5y3r1d dnta vere
aveilable per sceded acre as well aes -per harvested serc, the curvebure wos somevhal

.attenueted in the former case, dbut did not disavpear. & furbher confirnation of ¢
oothis dg yrovided by the case at hand, for the Can ddan yield daud refer tq acrauss

oY
“

qoxvl. L L
e Tn uslng condltlcn figures as a basie of forocesting yiulx
dn mind of course, that these are not crop data, bubl gnirnlong

}
L\L! '_p 1
tors on which the estimates are bascd, The systematic birc moy be modi;lcd-by o

slilght mnvification of the aquestionnaire, or of the definition of Faornal! or Mewvoy- .

ega, " or by chanfos in. the underlying conditions.. Any change in too pioceduro

conastitutes a brwﬂk in homogoneilty which tonds to ‘introduce entirely unprodictoble

- chenges in the rolationship between reported condition and yield.  To -éliminute bius

Trom the reported. condition figures, a long series of ohuervations undor homdi L 5003
ccndltlnn 18 neecded, a2nd if an innovathn is introduced and e auf1icxz“nly 1<n;"~

it moy take somo Joars bafore the condition roportu can agspin be uch for. orccu~~
1ng purposos° : -

e BN '
e w PRSI el Lo
v -

Use of Woathor Paotorﬁ to vSﬂnnlowont Condition Reportgd It 1s roasonable to
hunno~n that re_”“tcd condltion~--a subjective eatimate of the aperrancs of the
SLONS crop--mey not th]UUd all the luportant factors thet ney La in o« wiabance i
Jtho tive-the forceast is made., For example, it is posaidlo thet in vovorting, U
curront conddticn of the grouving erop, crop corrcopondents do not Lake into full

conslderation th¢4amount of soil mmisture available_tu tho plunth

L N

. s (')f__\)lﬂ)'f)lj lxolf‘tm‘ﬂ' Un Orttm'atvlv, 110 dircet mannaro el CONRCL
ing ub il molﬂ1ure word availablo for this gtudy It 1o assumed bhel undae tho
climatic condibiong prevailing in tho “'”1?10 Pznvinowq of Oouoda, bhe potstaies
content of the soil ot the beginning of the grouinz gonsen wicht Lo delombinm Lo
5 songiderablo cxbent by the amovnt of radnfall recelived g dar the 3 noatio of
3‘[beﬂﬂbu r, Detoler, and lMovemvir of the yoor n]w*cl4111hj horvoet, "Uﬂjclw1 i bk

13

I
roveiplbotion (‘.m‘inf-‘: tha vinter months dn thuse srovinces, oad thol wiideh cecosrs
probebly HOHL’Y Logt by evenorablon bofors 1t has o chovee o oalon el Jrore!

AR PR PRFRSLINN . -
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' hnels of subsoil monsture would not necea%arily affuvt the npnoarun‘o of th

‘ ;gxop,ootly in tho seagon, provided spring reins had beecn qufficient to germlinate

“the ¢rop and give 1t a good etart. In fact, lack of subsoll molsturo mlght not
affect the appearance of the crop until hending time wvhen the plant. requiremonts
JTor mointure aroe at or near the maximum and the moisture duo to pxccipitabion auz-
‘Sng tho growtng aodson is nearly or comp]otoly uged up by tho plant ;O/ -
S Ono might expect therofore, that the condition of the crop in the early pulﬁ
f'of tho scason 1s influenced largely by current precipitation, and the reserve of '«
‘m05 sture . in the lower levels of the soil’ might woll be neglected by the crop corzos
pondonts vhon estimating condition, Hence, the hypothesis to be tosted ip whether

Lﬁ: or not proseasohal rainfall, when used 4in conjJunction with condition, will glve a -
. better bacis of forccasting the yleld of wheat than condition alones In years vhen

“tho proseasonal precipitation is above avprage, do erop corrospondcents tend to .-

" underestimate yiclds moke than in years of below-average proseasonal rainfall?. How%

Cever small tho total influence of proseasonal rainfell may bo in comparison with
othor moteorological factors, it may be cipocted to be an influontial factor zmong
thosc that arc not sufficlently token account of by crop correspondents. It is

“+ factor that might be cxpocted to have lesws relative importance in comparison ujth v

t-,vondition as the scason advances, for in tho later stages of growth, lack of uOLl

. hoisturc rescrves is moro and more roflected by the eppearance of tho. crop.

. Woather Conditions Durineg the Period Immediatoly Precedins the Date of the :
Jung 30 _Condition Reportt It is possible that crop corrcspondents would fail to
allow for rainfall immediately preceding the report. Barnes and Hopkinsg have
jpointod out that a heavy downpour docs not lead to a considerablo increasc in soil
»-moisturo at the depth available for plant usc until 10 days or moro aftoer 1ts oecur-
~ rence, That 1s, the appearanco of the crop may not be saffected immediately, and it
.Js on the ba“lu of the appcarance of the crop that corroapondents ara gupnOScd to
ustﬁmatc conaitiono

"It may be expectgd that this Mag~cffoct™ of rainfall will be pprt1cu1ur1y f
’1mportent during the pcriod preceding heeding time (about the ond of Junc and bo-

' “¢inning of Ju?y) vhich i¢ considered a critical pericd with regard to wucat yic Tuu.'

“dn thé Prairie rogion 11/ Obviously, the feilurc of crop corzosnondonta to take
’sufflciently into account the probable effect of roinfall recoived during the poricd
- Immediately preceding the roport may considerably reduce the velue and timelincer
~of their roports porticularly during the periods of maximum sencitivity of  the pla
. uwith regerd to veather influences. On the other hend, if tho roports obtained fromv
the corrcespondents could be supplemented by informetion regerding weather conditicns
‘during the period immedistoly preceding the mailing of thé correspondents' reports’
“and, possibly, during the time elapsing between the date of the individuel rcpoits
0f the correspondents end the date of the relense of the officinl erop vroport of tho
,Cénﬂdiqn Goverament, tho rcliability of the foreeest might be consldurably increancd,

10/ Compare Barncg,- 8. and Hopking, B, 85,8 Soil HMolsturc and Crop P1odud£€onomm55
minion of Ganudn, D(,pk rtncnt. of Jwriculturz,, dow beriw Bu]lutin 1304 ()1'1'(1\;'1, 100 (}

\

ﬁ/ A cnruful nnnlysib, by noens of a rogression intozral, of Lpliﬂ” uho:t yiclds at
, Ulclin son, H,D, indicetos that tho crop reaches its meximam suscoptibility to rain-
~fall about Juno 20, At that timg, an additionn) iuch of 1(in_wun]d lord, on tlo
quLd’Q, to on incrcapo in yileld of four bushels por ferc,  After hosding (v hich
oscewrs oboutb July 10}, . tho benoficlsl offect of an additional inch of redn in toins

af ginld per acre decreascs repldly ond” becomes zoro ehout July 20, (Soc Devis, 1.2,

ind Fotlasen, J, B0 MEffeet of tho dnount end Dictributlon of Bodnfell cud Secvnonves
floa cerdne the Gerouing Soonuen on'Yiclds of Corn end Spring Vho 4, Jenrael, oy
Levicnl buvel Reseorch, 60, 1, Jen, 1, 1990, pp. 1-233 poabticnlerly wo, 10 0500 Coeo

e Sy ono drprovenont of the foveeesst chould follov frem tho dnelusien of
e by o (nulouu ﬁﬂl‘] tie 10 deya preceding tho July sl vapa b

N
D

\
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Orop correspondents' estimates of condition were obteined by the Consdisn

© - Government at thrce different times during the growling season~-May 31, Juns &0,

and July 31, The officlal crop remort of the Canadian Government was issued pbout.

+ . 10 days later, It would therefore be possible to supvlement the June 30 condition_'

'»figures as reported by the correspondents with meteorological data up to the day |
prior to the publication of the official crop report, Accordingly, two sets of .

- .moteorological verlables were computed, one ropresenting the weather proveiling

during tho 10 days before the date of tho crop correspondents' condition report,

< {that ig, the poriod Junc 21~30), the other representing veather conditions during

. the 20 days preceding the date of release of the officlial crop report of the
Canadian Government (that is, the period June 2L-July 10),

Slow Chanzes In the Relationship Botween Reported Conditlon and Yield,

and Between Veothor F'ct01° and Yield: Psychologicel factors, such as the cffect

of the previoug yeax § or previous years' level of yleld, may influence the crcp

reporter's concept of an average or normal, Shifts of acreage, changing methods’ 0f 

cultivation, introduction of new varieties may ceause slow changes 1in the general

level of ylelds, as well as in the nature of tho relationshnp betwoon weather fac~ .

 tors and yields.

Since the early twenties, the continuous westward shlft of acreage has come: -

to a standstill, During the period covered by the study, the slight westward

movement during the earlicr years has been followed by a slight eastward trend dur-

ing the later ycars, A small part of the wheat 1s grown on irrlgated land,

A new rust- ~reglsting varlety of wheat, Thatcho , was introduccd c0mmbrcia1]J -

in Canada in 1935, In 1939,.Thatcher wheat was grown on @bout nine million dcres

mainly in Manitoba and in the eastern part of Saskatchewan., With respect to yiel@ .
and drousht resistance, the new variety seems to be about et par with the standard
varieties, However, Thatcher does not appear as leafy as the standard varietics
eand therefore does not look as well, and it is entirely vpossible that crop corres-
pondents would at first tend to underestimate both condition and drought resistange.

METHOD OF ANALYSIS

L -

General Romorks on the Testing of Hynotheses: In the present investigatioh;

" the principlé of testing a rather rigid hyvothesis has been adhered to more strictl,

than is customarily the case in the study of weather-yield rclstionships. Many
- analysts start out by plotting final yilelds against a large number of monthly mcans

- Jof temperature, rainfall, sunshine, humidity, etc, Those meteorologlcal series

whilch show an ocpparent correlation with yield are then uscd to construct forecast.
ing formulas, In other words, the procedure consicts in selecting, out of a lanL
“number of serics originally considercd, that set of variables which ylelds the
highost multiple correlation coefficicnt. The tests of significance which are
appliceble to a hypothesis consigting of a number of lincarly related variebles
seclocted @ priori or drawn at random do not apply to such cases, The greatly in-
“ereased probability of obtaining stated high correlations from random date tends

to redvee drastically the silgnificance of correlation coofficgients obtoined. in such
-a manncr 12/, The same objoction applice to tho solection of curve types and to

- the combination of the predictor series with reforonce Lo the samplo, The rcjee-

oo tlon of this wort of procedure does not imply, of courso, that "ono cannob  Jeson
- from the data " It siuply means thet thoe corrclation Oodffldibntﬂ thun obLniTK1
~do not have the Giunificwnoe wvhich 1 uwsunlly attridbuted to thon, :

\hg/ Ho gonernl.solution of thig problom has boen put fovwsrd, Sog, hpw‘vbvu tho

discussion by R, A, Fisher in "The Influcnce of Rudnfall on tho Yiold of Vieuh ob
Pothomgtod, ! Pnilo Trnns. of thu Royal bocioty of LomloH Sories B, Vol, u13, lu- i,

T 9“1 316) : . : ’ o ‘ !
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S % Yane of the mojor hypotheses uscd in the prosent study was derived from th

fi'ﬁ’déta, Tho choice of tho weather veriables was made g _priori. Unfortunatoly, ro

roagonable woll-founded hypotheses were availeble as to tho exact shape of somo of

., the regressions, Curvilineer regressions of yield on condition were expcctod on

~. the strength of independent evidence. The general shape of the regressions-could -
‘be specified as an increasing function of condition, bent concave upward, It wos
‘anticipated, however, that for the earlier reports the curvilinesrity of tho . ‘
condition~yield relationships might be blurred by errors; 1t has been pointed oub;’

furthermore, that there is usually a tondency for the curves to stralghton out as
harvest tilme approaches and prospects of bumper crops bocome apparent. ~anart Lfrom

" these consglderations, 'thore was no theoretical reason, or omplrical evidencs given

‘o _priorl, which would have enabled one to specify the exact mathomatlcal form of

the relationchip.

In o case like this, it is usually edvissble to divide tho available data -
into two independent halves, to derive a hypothesis from the first half and to ftest

‘it on the basis of the second half. But this ie possible only 1f enough observa~ . .

tions are avallable.

If a sufficient number 1s not availoble, a trial hypothesls must be foyrmu- -

‘lated on the basis of whataverva priori knowledge there cxists regarding the naturc:

of the rolationship which is to be investigated. If the genoral shape of the rele-
tionship can be specificd only in vaguc terms such as "concave upward, " 1t i

_ customary to f1t a simple type of curve to the data, such as a setond-degrec para- .

bola, with the further restriction of o positive coefficlent in one or both terms,

- However, the ftype of curve must be specificd g _priori end without yeferenco to the
‘sample, whereas the values of the parameters are cetimetod on the basis cf the. -

gomple,

- If freo-hand curves are used, & simllar degree of rigidity of tho form of
the original hypothesis can be approximated only by an extremely consorvative uso .
of this method, For tests of significaence to be applicable, the assumption must
be. that in the process of successive aporoximation, the curves have been adspted to

the date only to an extent which would be cquivalent to the change of the coefii-. °

cients in a mathematically specified relationship, whilo the "form" of the relation-
ship has not been permitted to be influenced by tho semple. . P

In view of the paucity of cértain data, however, 1t 4s often necessary to
viglate the principle of a rigid hypothesis to a certaln extent, Minor modifica~
tions of an othervise given hypothesls may heve to be introduced without benefit

~ of a further independent tost, To the extent to which such medificationsg are mede,

the significance of tho corrolotions obtained is roduced, Strictly cpocking, if

.othe significonce of a hypothesis involving several varlables con be establiched onlv
+yith referenco to some of the variebles, 1t doos not scem puffilcicnt to rojoct Lhoen

" yariables which appeered not to be significant while retaining tho othors, In orduy

t0 fit tho avallabloe methods of statistical generallzation, the larger hypothesic

“#8 a vhole must be thrown out, and the more restrictod hypothesis must be tested on

},the bnols of indepondent material, Vory often, however, data nro not evailable in
~sufflciont quantity to pormit this, S ' '

In tho present study care was toaken that modifjcationé'of thaloriginul’hym

'_pnthosis'wore confined to minor seppets of it, The fitting of curvag fnstesd or

stralght lines 1n the casa of avoerrso maximum tomperature constiivbes thoy duly oot

right deviation from the ordginal hvnothesis, Hovever, the curvilincor ty dn Ui
cipe iy baroly sigaificant, end substantially tho same corralation coolvicl nts,
correctod for the nuiber of constants used, uvould hove been obbaducd ville Tieeer
rerressions, It s olgo vecognized thot the uwse of Cree-hond cuwvves do Fhe onad ot
e the dondiblon yleld rolotionchips prosents certoln den oy with rerpoct Lo i
endyed pigidit, ol the bypotnousia, ;
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s were determined from the rosidusle by a seriee of grephlc approzimetions, Tu

. R AV L C RS I M40 2 SN VRSN AN S § IR UR LR P PR U AT 0%+ 1 VSN N DR VAR Bt B ARG R F NI RN B I .
Lowinag nrncedars una ndopted, A maltiple lineay vosrensing nqumblnn v SILLod 0
therobu o rvationg, . Yor those ¢f the dctermining varlebles whlen wore copnet.) io

stiow n ourvilincar rulﬂtlon'hip wlth the dependent variable, not rozrcssion corvvig

Capproximations wore gulded by a priorl expestations as to the form of the ralaibion-

ships, while %theo steoepunces of the curves ond tho degroe of eurvabure were dOouMiu,Q

. from thoe group everagas. _ \ o Ly 1-:. -

Douroo of Tot"1 Determinetion:t The aquare OF tho multiple correlation co--

“]offlélon* (or indcx) 1s used rather then tho coefficilent or index iteclf. Tho..

~sauered correlation coeffieient or indek moasures tho porcentage of tho total yeoar-

lﬂ@"fcat’

4] Suedecory. G, U, ..utnf,int,ioa] Methods, 1930 od

“oentorod un&cv “1 o Noyy ronpwvbavbly, in Tablo IV, pn, 00303 af i, &, Fivhos

to-ycar variability in the yield data that -ie associated with the detorminlng
factors~*condition snd one or more weather factors, ;

Tha diubr ibution cf tho maltiple correlation coofficient is vcz; s%cw in.
small samples, and "thero' 1s a tondency for the multiple corrslation OOOfriﬂitnt
shown by tho sample to be in oxcess of the correlation existing in tho wiiversc fron

-which tha sample wos drown, copocially when the nuuber of observations is smoll, or

the nuhbuv of vnriablos largoa" 13/ » ol

An Gjtiﬂ“tﬁ af the multiple cerrelation coefiicient corrbcted for b1a wa s

“computud accoxding to the Lormula

oo . . : (T e ! ’ e ' ‘.

o (where N is the total number of observntions, nnd m the numbor of cons Lun.s
ﬂwd) ?)/ ‘ , .

Tost of Sisnificoncat’ Approp“iaﬁe tests of significance were appll‘d at

. _each step of the analvsis, appreciating tho fect that the time sorios used ney notb

bo strictly random serles,

© In testing thc significance of corrolation cocfficlconts or indcxau. .
Bnedecor's convonlent table wes used 14/. The significance of ecdditional veritbles
or constonts 1ntroducod in the ﬂnaJys1 wag dotormined by monas of‘the following

'

. . . v ) - . )l"- . - » ) .
ECRA T zra_lOgé\ (Rld”RHO)(N"ml"l), (vhero my » mp) 15/,

(1-81 ®) (my~mp)

i roprcsbntnhtho total numbor of obsurvntionu, ml the numbor of cmn".uﬁt

Involvad in tho 1argor sot of varfatlos; tnd Mo tho mumbor of conutn1ts in the-

‘smallor got, of var] nbles, By this test, it is noasiolo to dotormihe whotaor bho ?
eranno in R (or PO) crused by the invlusion of an vdditional veric blo (o1 const:
s ,Jgulficant or vhather 1t Is probably due to rendom Q[f cbh.

fﬁg/ uzokioltbn,g 1>lp~d of da§}elation Analysilse _
.y Pe PAB o
150 Moeott, L, C,.- T1e Hethoda of Lmtibtibu. De 200 (ﬁlqu) onit (g -1) o

Hstatistical Licthods for Roscarch Lo;ﬂ'ﬂru. 7th edibion, 19484,
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: in certain oa"ﬁs. it benmod desirable ta estuhli«h tho aipnifiv nee 6f on
"'iuclea o in the correlation coefficiont (or index) obtained uvhen substituting ono

- determining variable for anothef, By extreme goed fortuna, an unpublished paper by
 Profossor Harold Hotelliug was avallable which gives the solution for the linear -
case, 16/

i)

f

Lot x3' and x" be two alternative variables that might be used to prédiﬁt'éf

_variable, xy. ry is the corrolation between xz' and xq, and rg is the correlation ffjj'

between x," and X, The problem is whether the differonce between ry and rg is
gignificant, ' ) oL

The test, derived by Hotelling, using Fishepls t, 1o as follows:
t = (I"l"'TP) \[hi.l.‘*‘f :

where n 1s the number of degrees of froecdom, ry is the correlation between xo! and ﬁ?
x2", and D is the determinant . S
R 1 rl 1‘2 E o o . ’:.4“ .

r 17, | Y
rn Ty L ’
The absolute values of r, and ro are used an computing (rl rz)

Supvose that xz and xq" ares alternative varlab]oa in a mult:plc set compri%
ing, in additinn, a second dutorminaat variab]e Xz Instead of comparing fwo -
multiple correlation coefficlents, one can compare the simple correlation coeffl-
clentsg obtained by corrclating the two alternative variables separatoly with the

reslduals from the dopendent variable after climinating tho effect of the detcxmiw
. nant variable that 1s common to the two altornative resresaion equationsa

© Let
zy! =xpt bAxgt o e
" ) . ‘252" :xaﬂ +Bx3 ’} .

- by = %z

where - ‘
a = S0xy'xg) . R

| | | S(XBB) . .:. . _ "..i'fé ‘

0 . and B = S(xptxg) | -

. A and B arc dctermﬂncd so that - zo! and .z, and: zz" and Zy 4ro 0rthoronn]
(8(zg'23) = 0 and S(Zg"ﬂ&)lw 0); that is, wé add t0 }q' and xo" that pdlt of the
-.vazﬂation of ::c.S that is associatgd with xa » rusp, Rn . .o

Then, tho 1ino o= aucwg 1e fittod to tho dntu ond tha rosnduﬂlu (v)
0omnutod , .

o ot e s o e

16/ Profossor Hotelling's study, entitlod "o bo]ovtiow of Vllidtwb fov U in 2o -
diction With Bome Comments on the General Problem of Hulconce Porematevs," cppoei:d
in tec. onnola of liathonatleal Stntlstics, Vol, X1, Ho. 3, Scptember 1240,
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fo bg'the correlation between zz' and 2252 |

SRR &) "-‘",- L " ZB‘ and v;? o
" ] rB L L | ' ll. Y u_ z " oand v, . \ e
and compare ¥y and rp by the t-tost as before, axtenpt that n= -4 1n.thisv0a§?! :
. §nstead of N-3 in the case of the simple correlations _.j_f'ﬂgsft ‘
DESCRIPTION OF DHS DATA C e

In table 1 are shown the basic data utilized in obtoining the forecanting *
formula in this study, Tor Saskatchewan, the yield sorles was teken frem C.%, .
Wilson's study; the revised figure for 1937 was dbteined from the Honthly Bulletin

of Agricultural Statistics, TFor slberta and Manitoba, the last published figures:
from the Monthly Bulletin of Agricultural Stetistics were used, The reviscd {1nv 0

“for 1938 and 1939 were taken from the official crop reports, Septerber 1959 nnd 1“”&

The data for 1940 are the preliminary estimatos lgsued iu Seontenber, Thﬂ nnadﬁrp
YKcld data refer to acroage sovn. ‘ : S
Until 1930, the 100-percent condition of wheat was delined a3 the ccndltiqx
promising the average yield per acre of the vwrevious ten years, Sinuc 1931, the:
erop condition of 100 percent is defined mors vaguely as ogual to thu "lens-time
average yield per acre," : Co

" A gtatement by the Dominion Buraau of Statistice regrrding the prodadloe o

. effect of this change in definition is aveliloble only for the yeor 1930 1!/ ko~
~cording to this statement, the actual condition gilven on tho basis of the old aystver
would -have baen'equivalentvto the following figurcs on the basle of the new pystoni

Comparison of Condition Exprossed in Torms of (a) the Dyeviouws ™ 0
Ten-Yeor Average Vicld ond (1) the Long~-Time sversge Yiecld Per ltere

oL : ' ' Actueld Myyothetical e
" Provinco Dato of Report (a) : (b) o birg,
. (01a System) . (Wew Systenm) .

Saskatchevan Moy 31 95 97 SRR
June 30 90 ‘ o R

July 31 82 83 ..uk . ﬁ 1

© L Alberta C Mey 31 | 97 S R
" T 7 June 30 o - 89 Lo YD S O ¢

, , July 31 - . 86 L. Bal 42
“Manitobs - May 31 o L S O T+ SR R
Co S0 June B0 0 - 10 . Lot 80 R <
Coduly & 0 0 100, 0 0 Bl e

Only in 1unitobu 18 the differencs vpprucinbinv hnr(ov it do o vaceriain

Athethoy crop eorreanondonta pnid much attontion to this chenna 1v the dofiniiion 7

the 100-porveent condition, Huperience in meny countwies shoos thot ohnbo.or L
boslo delinition adopted by the cra P reporting be1vi¢c Pl Lase or lﬁnlppru:ut
condition dn Alhs ndnd of cron corvunpondents 1o aluove o foiily o oo conioagn,
corvaspoaiiag toproximotoly, not to bhe Lon{ tino ka.r;u, Gut Lo o Jong-Line
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“noyvnal " conditlon vhich wou]d indicato HDUVCuaVnrhno yiold plO"DCOtﬂ& Lorrs ot
. wideopraed or conplete crep fallure appeer to boe largely forgotten vhen the cuivens
“crop is eppraised in terms of the 'normal" condition, On this assumptlon it way
'dectded not to convert the figures prior to 1951 to the new busis, ar vice vor.c‘,,

. As no data concevning subgoil moisture were avai]able, recourge was ttkvn bo -

- v the indirect represcntation of variations in soil moisture by ome of its dotermiucal
-, factors, preascasonal precipitation, Under the climatic conditions prevailing in the
. Prairic Provinces, the moisture content of the subsoil appears to be strongly of -

. ‘focted Dy the amount of roinfrll recelved during the moaths of Soptember, October, :
. and November of the year preceding harvest 18/, The weighted averago of four sta-

© tions (Swift Current, Battleford, Qu'Appelle and Moose Jaw, the latter used tuice)

" wap used in SaqutchOan. This woi shting correcponds approximately to the divtriFuw
“tion of ecreage wander wheat in the province of Suskatchowan in 19?9 19/

: In AJbbrﬁg, the simple averesge of four stations (Edmonton, Stattler Ca)gard,.

Lethbridgoe) was used: This somple, though sdmittedly too emall, may be con,idulcd
as fairly reprosentative of the spring whest region of slberta, It 1s true, that
part of the acreage thut is scattered in the northern pert of the province may not
be adequately represcnted by weather conditions at Edmontdn.. e -

: The rainfall records at Stettler are not complcte. It was nece usar&, there-
‘fore, to substitute the average of two neighboring stations in tho following
instances:

November 19268: Lacombe and Hanna
November 1933: Lacombe and Coronation
Wovomber 1934¢ Red Deor and Honna
Yovember 1935¢ Lacombe and Alix
November 19836: Lecombe and Hanna

In Manitobe, the average of two stations was used (Morden, preximontal Foarn,
and Minnedosa), Each of these stations is located in a conter of wheat preduction,
. and was .considercd representative of about one-half of the wheat acreage of tho
. provincc, The wheat acreage of Manitoba is much smaller than in the other two prov-
inces, and the arca devoted to wheat does not cover a large ter“itory Pw/

. e

 '1§/ Obviously, factors othor than September-to Hovember rainfall must @lso bave o
" oport in determining the soll moisture aveilable at the stort of the growlng ccoson,
VEUnfortunutely, there scemed to be no practicable way of estimating tho carry-ovor of
moisturc left in the soil after the harvest of the preceding yeor's crop,. Thig
carry-over may be expocted to dopend principally on the amount of rainfell roceivad
~during tho preccding crop year, minus the amount loast by evaporntion or rewmovod Ly .
 the proceding crop, The cxtont of summer-fallowing and neow breeking in the previons
yoar end other variations in farming prectices arc of importence in this cennceticn
(Sce Thysell, J. C.: "Consorvation and Use of Hoil Molsturo at Mandan, lnDaeV [ERSE3Y)
“Tech, Bull. 617, 1938,) It mey be rssumod, however, thet the year-to-rsry yavic-
<. tlpne in farminJ practices are negligidble nnd that such changoes ag hﬂvo takon ploce
-aro In the nature of tronds, In accordence with oxpectations no slgnifitesnt corvrela-
‘tion was found to oxist botwoen yicld vnd tho curront wintor and oazl! ,pri\"
precipitation, : : :

19/ Sourcon (acroege): | L

©o o IlrnAtobas Province of Manttoba, Dup. of agr., Roporb on f‘rnps,]".’:il
Tuo Baskrtchowant  Annual Remort of the Dep. of agv, of the Froviage of

o Saskoatehbewan, 1923 . P
7 slbertat  Consus returng, 1931

Lt

o0/ Sovreast S S LT
LoD-a7: - Eonthly Record of Uftcorolﬂgiwal Qbsevvations
ClEde-394 . lonthly Weather Map Lt L
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, Total ﬁrgcipibption and avernge maximum temperecture gerve-to descride

: “weather conditions during the veriod immedio toly procoding thu June do condition
" oraport, P

Tho motoorologlicel statlons are the same as for preseasonal nrocipitaticn,.‘

-For reasons explainod cbove (p.9 ), two alternntive perioda wers useds the ten~doy

. period from Junc 21 to June 30, end the 20-doy meriod from Juno 21 to July 10, a2/ -
* Procipitation wns nmeasured in total inches., In the caso of tomperature, avorage
“delly maximum 1n degroes Fahronhelt wos used,

No'complete records regarding temperature during the beriod June 21 to

. July 10 wero available for the years 1936 and 1937, In each case, the temperature’
. of about 2 days out of 10 had to be interpolated from nelghboring days. TFor thego.

same yoers, the chscrvations at only two stations (Calpary end Edmonton) wero
avdilable for Alberta. The average of these two stotions wes adjusted on the banis
of the normal average maximum temperature during the period for the four stationa,
In the case of the precipitation data, no such adjustment was made, as the average

" interlocal variation of rainfall is insignificant in compariaon with year-to- JOdr
- variation ond local variation in cach year, 23/ - ,

Tvaluation of the Datat There may be a question th both total procupitdm

“tion and average maximum temperature should have baen usged to describe weather con-

" ditions during the period immediately preceding tho June 30 report., Thosc. two

varinbles are highly intercorrelated, and therefore no great importance should ho

U oattributed to the net regressions, The additive correlation method cennot .alwoys
~satisfactorily account for the complex interrelation of tho effccts of theso tuo
 factors, Dxporiments under artificial conditicns have shown that oven tho hizhoat
- tomperatures experienced in the epring wheat region do not materially aifoct the
- - crop provided tho moisturs supply is amplo., Moderately high tomperaturss, howsverw,

may cousc considerable damage 1f the molsture stored in the soil i1s Insufficicnt:

In spite of these conciderstions, it was thought that tho inclusion of VoLl

ff‘prooiptt tion end avorsge maximum temperature in the analysils vould offor cortoin’
L edvanteges,  Continuous metcorologicel observations covering the period 1921--37 ©

vere dvaillablo for this study for a limited number of staiions owly. Cbvicusly,

~oan averags of precipitation of four stations is o rather poor indicator of tho

wmount of rainfall recoived ovor so vast & torritory as the spring vhoat arca of
‘ Mberta or Saskatchowan, Tho shortor the period of ~time, the higher the varia-
bi]ity among stations, : :

Iurthwrmore, the rainfall received is much more variab]e in mid~sumnbr Lban

' in elthor the spring or the fall montha, The characteristic typo of rainstorn in

mid-susmer is thoimal in choracter; that is, the result of convexlonal procosucy

- that produce what ore commonly known as local thunderstorms, In the otior r~ﬂthu

of the year a largo part of the procipitation occurs in connection with altnor \She
or cold frontal storns and is much more uniformly distributed over an area 1hbx i‘

_Lba rase with the convexional storme of the summertime,

b bt 9Ae wnate e e s e

- 21/ Tt will bo scen below (p. 27¢) that, in addition bo dneroas ing tho tlmOllD
.- of the forocagt, the inclusion of the first 10 days of July may somevhob "Lt(.a.te
: the standard elror of thu computed averages of prec pitation und thp011Lu1d¢

-‘“’/ Sources:’ o : ‘ ';""-. R

1921-355  Monthly Record of Metoorologicul ObDGrthlbnﬂ S
1035-378  Naily Veathor Hap - e e
L3809 Dot furnlehad by hobeorologiral bfxiva, 7 ply “of Tranupovt,
.. oronto, Ont, o :
Lodae L Deily U\ ather Map and lJz\ta flll‘nl.sh\d by UHoteorvologlceel 07 fico,
: 11H\L1nf* Ixn, , ; C

< ,
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In viow of these meteorologlcal principles, "preseasonal rainfcll' in v
~ doubtedly a nuch more reliablo indication of the rainfall received in the nkh
cerors of tho three provinces than 1s the case with precipitation during: tho perics

June 2130, or June 2l-July 10, Reinfall date of four stabions for es phort o
period would give an aversge of only very slight precision, and there is a questinn
-+ whother the average rainfﬂll calculated for these short periods 1e at all indiCut]V(
L of tho actuel precipitation received, :;_-wﬁ .
On the other hand temperature data are much less variable over a reglon Lhnn

precipitation, In fact, maximum temperature mey be a better measure of variation
in the conditions that blVL rise to a period of localized showers than the actuonl
measurcment of precipitation st a limited number of wstations., Maximum tamporatuJu
1» cuite sensitive to cloudiness. A condition of general clouwdiness and low mor s

emperature would be indicative of the prevalence of locallzed rainstorms. In LJ
ditlon to being correlated with actual precipitation received, average maximur.
temperature is also affected by other factors which in turn influence the. condiiiop
of the crop, It is very sensitive to the degree of cloudiness and thereby reflects
the rote of ovaporation., It seemed advisable, therefore, to include averase deily

cmaximum temperature along with precipitation during the pcriod 5mmad1ate]y pre gbl«
ing the Junc 30 report, L

“tlueh more satisfactory results could have been expected if direct and cx-
tensive measurcments of soll moisture reserveds at the start of the growing season,
‘and complote data describing weathor conditions during the growing season had beon
‘available, The inadequacy of cxisting meteorological danta cannot be overemphasicod,

However, not all the oxisting possibilities of representing the amount of
rainfall in the Cansdian spring wheat belt were exhausted in thls study, The
choice of a limitcd number of metcorological stations was governed primarily by
" considerations of time and the availability of current data for foreeasting pur-.

* poses, In the "Monthly Record of Motcorologleal Obsarvations,' a completo eollec
f,tion of motcorologlesl data for all importent stations in the Prdlrio Provinces is
now available for the period 1921-37. XYor subscoucnt years, one must refer to the
gummary published in the Monthly Weather Map and the Dally “eathar Mdp ln which
only a limited number of stations are carried¢
. ' The present study should be considered merely as a yrelimlnary survoy. AR

would be desirable to verify whether the relations found on the basis of the smull

number of meteorological stations used in this study will be confirmcd by a ginmilax
gtudy using the observations at a gresater number of -stations. NS

la the case of preseasonal precipitation, such a check wos made po""iblo

through the kindness of Dr, Wilson of the Dominion Bureau of Statistlcs, who mddo
~available to us sories covering the perlod 1921-37, based on a much largor sample
“of stotlions, Mot only did no appreciable difference appear as to the size nnd

shepe of the coumputed regressions, but contrary to oxpoctations, there woas no 5g~
. nificant improvenent of the fit. Conscouently, the average of four statlons was
 preferred, mainly because of the accessibility of curront duta. - gg;

. Unfortunately, a similaxr check was not availedble rbpardinp prc ]pitLuJUﬂ

Cend temperature during the perlod preceding the June 30 veport. It is higidy-

proboble that in thils case, sn tuprovement would rooult from the use of o {l‘ﬂtﬁf
nuber of meteorologzlcid sle tiouuo then this sbudy was nearly complctod, Vi
- leoarned that veekly averages of precipitation and temporaturo for cooa p’u“l:C;
¢ re nowv boing computed by the Metcorological Service of Cunada ond publision vy

Crontly during tho growing scason in the serics of fifteen wockly Molern chie Gron
Poportst dfssucd by tho Azricultural Branch of the Domindon Burcouw cof Steti. ot
St yould be highly desirsble to extend those serles of averages to' covor a wviil -

clonb pamber of Jonrmo and to derive nevw formulas on this baslu,

{



N B . R I v . o y .-, ;
v‘ N ' T ) 1 ¢ : P v N '-A»
' 24 - _ -
. . " Fte. 23 . o
BUSHELS [ T o B I B

10

. -5 ;
: j-> -0 . i ‘{ o, ' .
. | | | | 1 | l | R

J

EQQI ‘22 23 ‘24 °25 ‘28 2T 28 ‘29 '3 .'31 ‘32 "33 ‘34 3% '36 ’37_} ‘ s

Fig. 24 L S P

BUSHELS , .o K o v
- . Actual _ co T
o .'0 Computad i o
.
e 2 p R
- /
. Vd T
. prospionme= , NS
o :/ .. s
S0 ! . e
, ' .
\/ e
..5 N
\( i - \\“ . 4".'
T ~ ‘ = : e '
e . l ._"_]_‘ l, | , ~~~~~ ' ' . . l B T | . . 1

U eRr e ey e R T R G ot B o B s T TR V- IR K R BT, PR S

SV Mge 8% Bastmbchowen, Juxs 30 (Deveils £a), Astesl aad Cor_ated Tield, - N

- o Yiclds Zqe Conditlon b Joue 80 Tzo Praccasonnl Fiocipltakicag ¥ge Brogi- & T

o R | R .pitetica Daring 10 2y3 Prior to Sk Keparky xyy BLluo Itvieklen of Dirag

L e L on e e9, Le08 O SR L S
S : c . K ; o e St

Pips 2_}. A!‘J:r_::‘. June £3 {(Foroale 16ad, Aetoal andl O pubod Yicdd, .

© Ty TLEM xgy CoLibees @b 8 B3 xy, Biuaemd

' pleesioy Tovlng €29 10 Ioys Prlor b ths Lrrortyg s Ml ¥ wztiea el By
™ .1 P o - v .
£y 9'~~l. . 0 o ‘ o ‘
i ..‘ " "l
I ‘o t '
v ! )
i ‘ . o , 1 N 4 ! *




=3 1

TUDY

—e

DHE

25
)

An analysis vas made for each of the three pralrie provinces scparatoly!
 Saskotchowan, with about 55 porcent of the wheat scroage in 1938; Alberta, with 82
" péreent; and Henitoba, with 13 percent of the acresge., Tho total wheat acreege in

“the three provincces was eatimetced to be about 25 million acres &n 1938 comparud
' with 26 million acres for all of Canada, i el

. The study covers the 17-year poriod from 1921 to 1937, inclusive. The for- " -
- mulas developed on this basis were used to forecast wheat yialdn for 1938 40 by a
- process of extrapolation. : S
The variables used in the study (see table 1) are as followéﬁ ‘
(1) The dependent verisble, final revised estimate of yield_per'acré.l;ﬁffJ
(2) fThe reported'condition at May 31 June 30 end July 31.

, (3) Preseasonal precipitation~-total precxpitation during Sentembor"
A to Hovember of the previous fall.,

(4) Total precipitation during the 10 days preceding the June 30 condition
.~ report--8r, alternatively, during the 20 days preceding bhe releass of
the June 30 efficial crop roport (June 21<July 10). :

(5) Average of daily maximum temperatures during the 10 days preceding
the June 30 condition reoport--or, alternatively, during the 20
days preceding the reldase of the June 30 official crop rcport
(June 21-July 10), .

(8) Sine function of timo.

Regults for Sasketchewan: The results of the study for Saskatchewan are
sunmarized in table 2 {pagc 20) in which ave snown tho regression oquations fer all
formulass Thus the equation for formula 1 ist x| = -+ BJBOBXZ. The province ie by

for the most important of the wheat-producing proviﬁccs of Canada, In 1958 it f“
“counted for 55 percent of the acroage sown in spriang wheat, e

_ Condition at Mey 31: The roported condition at May SL, ag might bc owhbctcd,
-shows & low degroo of corrclation with final yicld per acre (r© o 320). It 1s sus-
prising to find, therefore, that whon uscd with prescasonal procipitation, the

Moy 31 condition gives a multiple linear corrcloetion coefficlient of RP = ,6‘,10 (S
fiz. 21 on page 22,) The difference betweon the correlation obtained with condi«
“tion alone (ve = 0.5“9) and that obteined by adding preseasonal prﬁcipitation ogoa
second determining fdctor (R® = ,621) is highly significent ‘5/ It 4s dnterecting
to noto that the factor "presoauon,L rainfall," considersd alone, is a bettoer in~
~dicator of final yield then tho May 31 oondition roport when that varioble 1o vaa

- alone,

As the senson progrcsses, tho relative influence of prosonsonnl'procipitatinu
declincn, while the relative importance of "econdition" as an explanatery fagtor of
whoat yiclds increases, In other words, tho inclusion of this metoorvslogleal fictoy

, @oon Improvo the oarlier forccosts moro than thoso made later in the GOLLLON,

. (onaifﬁnn bt Jung 308 At Juno 320, o rathor relinble forocast oi JiL!ﬂ T B
to be possible on the basls of a curvilinear intcrpreteiion of conditicn (pir = Lo

IS

~This roletionship io formula 3 in table 2, Tho curve is shown in fig. L oon prro O

Lol euLe” 2, LOlnulu 1 4 1, ©13 uhich would occur by chance loss Lo enen B
YIUY wveime e f gl 2 P P Bt B T W AYS 17 A -
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T formula 3 the £(xp) represents the foglons iOn of yisld on conaition detorrinad
nccording to the "Bzokiel! method of succossive qp;vonimubirnu Cithdg pieciuoy
ao“ntcd to the principlo of a rigid “form of hypothesis,”: he ihv)uflo o prasni
12) precipitetion in the represmﬂon equation leads to a significant indreese of
the total dotormination (P2 = ,798). In this case z = 1,1675, wnich axcocd0 the 1

i\pcrccnt point (1:1266); fThe correced nultisle correlotion index is P ?a e

that is, about 75 porcent of the veriastion in yields during the weriod covered by

- this on: 1y“is 1s asnociated with the varietion in "condition" and “rubePanuL rain-
“. fall, The linoar net regression coefficlents is given in table 2 es formule 4; the
- curvilinear net regression together with the scetter of tue sctusl ohsarvations

~around the regression curve, is shown in fig, 5 on mnage 10, ln £iz. 22 oa mege 22
- the computed yields are comna“ed to actuel vic]ds, . "

Phe inclusion of the amount of wrecinitation recelved- Gu*iq" tue lO d&“s
prior to the condition report leads to a furtiher increase of the souared multiple
+ correlation index from .798 to 850, On the besis of tie short series availleble,
.. 4hig increcase is not clearly significant, In tnis casc z = ,6578,  With 12 desress
of frocdom, the ,05 level of significance 1g ,7889. Tne rdgressions are shown in
w . table 2 as formuls 5, and deplcted gr\haical]" in fig, 6 on maze:10, | v

‘The introduction of a fifth factor, average meximum temObratura durin the -
10 days prior to the report (tho period ending Junp 20) leads to an inciesse of thoe
© squarcd multiple corrclation Index to F” = ,907, The rogression is formule 6 ond
“is shown in fig., 9 on pego 12, The computed yiclds arz compared it the ectunl
“yiclds in fig. 25 on pege 26, The increase in the degros of total dntermin tion

over formala 5 is F‘lgnii lC(’I’lt 4 beinrr equa']_ 40 09()6‘) \rm.chh,. betwveer tun L03 and L. Gl

“moints (8012 and 1,1635, respe ct1v01V) It would zwaear, therefore, tast tue fovw

deternining variables—~condition as of June 30, prsssasoncl prccin*tftion, and voin-

" fall and aversgs maximum temperature during the 10 days 1mmzdictolv nrecediang the
Croport--mizht be used as a besis of forecasting wheat ylelds as soon aftor Junu 20
as the curreat condition and the m\toorolovlcll data cen be obtsincd.

e previously. mentioned, the official June 30 crovw runort of tn¢ banari 211
Governmunt is nobt releansed until about July 10. %o szcure a timely forecaest of
_production on the basis of June 30 condition, 1t would be possible, therefore, to
evpplement the condition figure with wenther date for the neriod heginning Junu'”l
up to the day prior to the rolesse of the official crop report. Hovever, thc cor-
“relotion index obtained on this basis (formula 6a) is not gignificantly aifferent

. from that obtained on the basls of -the 10-day period. In this casc PO 004, To
© Ancreose of the correlation index over formula 4 (bascd on condition ond wrcrea30n"]

aprocipitntion) is not cleorly slgnificant, since z = ,£988 and the 5 kaCu”L ipt

is 6757, The not regression of yield on condition i ghova in iz, 10 on mab“ 10
~In the analysis of thic set of variables, the ncet relatlonsnln botuoon vield ond
average moximmn temporaturo during the neriod June 2l-July 10 eppesrad to hu cuav i
linsar, The net regression of yield on temporature is shovm dn £ig. 17 on noge 16,
" Thao Qap\rtvro from lincarity was significaent, with z = ,9206, Witn 9. degross of
Iy vdom the JﬂPOPbLnL point lg 8163, , . o c

®

!tl P”(“1’”P form of ths velationship Lut”bwn mawimu tenpevaturo nad preelys

Onf maj vonder uhj this should Le s0. YVery likely, tho esplanntion Jiow iy
V3 :
" It bra been peintod ous thab averacs mruinum tewperature pay ba o belicw 10

o okl rotnfeil received over a lnrge aron than 1o the egapg of avorngs peectotd .

Ston en ronotbed ab ouly a fou stabions In that ‘arcas  Hul tho volebincad) @

Ooraons r~4"1rnxn1 B lptxr"tli‘“ﬂ nid 1w1?"011wi Lablon 1o caveilinorers  iLh Doeveode.
: furo, proctpiletion decrnancs £lrst vopldly, then pore sloo

gy thnt nebund .pror-n,‘i.i.l ticn roceirad dn bho vhont

sy Poaineey boooerabure dhon Ly oeng Mpoinfaadn

cuhah te porybiorlaf cuaryitinesr pelotionahi i

Lannuoede - I facty M beads o cowrovala
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”:;Similr-'curviiinear tkkﬁor‘tuxo regrogolons were olﬂo’fcnuﬂ {h Alvertn; Tao
puted yiolds trcm formula 6a arc compared with actual yields in fig. 27 on pego 00,

At one stage of the anulysis it eppeared that the residuals of yio)d Gan
hibited a pronounced systematic cyclical co-variation with timo. & simple matho-
. matical curve-~a sine curve with a period of 13 yeecrs and minima in 1921 and 1934--
‘wag fitted to theso residuals, This comparison is mado graphically in fig, 15 on
poego 15, Ueing formila Ba o multiple correletion index of P2 = ,966 was obtaincd
whon time was included os an edditionel verisble, along with condition et June 30,
prosensonal precivitetion, ond precipitation for the 10 days bofore June 30. Tho
net regression is shown in fig., 12 on page 124 the computed yields compercd with
the actuel iclds in fig. 23 on page 24.

£8 usuel in similer coses, a numbor of possible interpretotions regerding

the causcs of such an undulotory movement occur to the analyst, but causss deter-
mined & _posteriori shonuld be viewed wlth grest skepticilam,

It could be rensoncd that the concept of "average" or "normol! yiold or con-’
dition in the "mass" mind of crop corraspondents might be-less stable then is
usurlly supmosed and perheps might be subjeet to cululative effects of o serics of
good or bod years,

In fact, the yicld sorics itsolf scems to follow some kind of cyclical move-
ment, 1f, tnbn, thy idea which th\ correspondents have of a "100-percent conditicn
varies, 1t would also follow an undvletory movement, though with a cortain itine
lag, If these variations ere not allowed for, the conditlon scriea would therefouc
include en underlying cyclical movement,.

To investigote this rroblem, conditlion filgures were expressed &s percentago
of the moving average cf the yields of the preceding 5 (or lO) years, It wvaog
observed, then, thht the undulatory movement present in the residuals wes by no
meens syncaronous with the adjusted condition series, An economic interpretatiorn,
on tie basis of form income of the preceding years, was dismissed on the same
grounde,

When the analyst has hod time to overcome at lenst a nart of the shock sus--
tained winen the large slzo of the correlntion becomes apnorent, he roﬂlizes thet «
squared correlation index ¢ high as FP¥ = ,966 on June 30 would scom asoneble
only 1f the weethor fectors influencing yield aftar the heerding and tnrougnout ths
filling stage cen be expressed in terms of & sine curve gimilar to the ono fitted
to the residuals,

1.-

In fig, 13 on vozo 14 ig shoun . a comparison of the (smoothod) serios of
wheat yields in the vrovince of Saskatchewen with the (emoothed and iaverted) sovic
of nverago July~august tomporntures, Both sories snow, besides o slow downword
~trend, & synchronous, undulatory movemont sinco about 1910, Naturelly, the fompoi-
ature series are less roguloer thon the yield sories, for the average vhee™: yisld
is & better integrantor of weuther conditions prevailling in reglons whore wh at in
grown practicelly overywhoro, than can be the cese with tho average of only four
thormometers, . .

. - The semo undulatory movement and downward trend is present in the whcrd
yiclds for sll of Canede and July-susust average temperaturo sories for the Fraivis
. Provincos as a vhole., ‘There seems to be & sbrons indication-—but by no menne o

cortointy-~that the undwlatory movement (sso £ig. 14) In the vosldunle moy be doo
'io ) ﬁlmilnr txond Jn sumnor weebthor - co '

: o1t s Obviaus,:hfvcvor. thut no volua vhabover for forccusting wirane. o 5
L he cioined for our f01.u1" unless 44 4g proved thrt, over n consd p

sideri vty loo
L , :
! ’ .o ) ‘, {" DR
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serios of yurrs, Jiclds and summer temperatures follow indeed & falrly rcﬂulpr
cvoli(n1 movement, Unfortunately, yield series for the Prairie Provinces are nob
. avalloble vprior to 1908, If we extrapolate the werles of average July-iugust
vemperatures of the four oldest stations in westera Canada (Winnipcg, Qu'appelle,
Edmonton and Calgary) beyond 1910 backward to 1873 24/, there does not remain much
evidence of a regular cyclical movement of a period of 11, 12 or 13 years. We may
conclude that, if the apparent periodic movement in ylelds is due to the effect of
July-angust temperature, i1t is no more likely t6 continue in the future, and the
computcd "prediction' formula, as well as the squared correlation index of Pea= 966
are spurious and cannet bo recommended for forecasting. o

Moreover, although the same qdasi«cyclical movement secms to be present in
both scries, no conclusive evidence was found of correlation between ycer~to-year
fluctuatlons of rield residusls with summer temveraturo. Therefore, 211 we can oy
is tnat tho two series show a certhin varfellclism in their long-run movemonts ginco
1910¢ but thore is no eovidence that one 1s the cause of the dther.

Condition at July 31: Condition at July 31 as reported by crop correspond-
enta shows o curvilinear corrolation of pg = ,859 with final yicld., The regression
is shovn in fig. 2 on page 6, This is formula 7, in which the f(xB)»represcnts the.
regression of yield on coendition only, If preseasonal precipitation is used to-
gether with condition, formula 8 is derived., The multiple correlation indcx ine
creases to P2 = ,930, The increase is highly significant, with z = 1,2499, oxcoed™
ing the 1 percent point (1.,1166), The corrected multiple corrclation index is high,

(P* = ,914), Tho regrosaion is shown in figure 18 on page 18 and computed yields
aro compared with actual yilclds in flg, 29 on page 32

Resulte for Alberta - Condition ot May 31t The results for slberta ers suwm-
morized in table 3, In that Province 32 percent of the wheat acrcage wes grown in
1938, The May 31 condition, when teken alone, did not show any cerrelotion with
finsl yiold (formula 11)., When taken along w1th September-November precipltation,
however, it gove formula 12 with a squared correlation cocfficient of RS = ,318,
which is at the b-percent level of significance,

Thug, the degree of total dotermination is much less satisfactory than.was
the case in Saskatchewan,

Condition at June 30: Condition at June 30 provides a considerably better

" basis of forecasting yileld then is the case a month earlier, For formula 13 the
squared simple correlation index ia p? 584, The regression is shown in fig. .3

on page 6. Vhen pressasenal nrooinitation {s used along with June 30 condition, the
resulting multiple correlation index 1s PP = 702, This is formula 14, The regres-
gion is shown in fig, 7 on page 10, The improvement of the fit over formula 13
{where only condition is uscd) is fairly significant with g = 7789, which is ot
the 5-percent level of significance, :

This prediction formula may be improved further by the introduction of the
amount of precipitation received durinz the 10 days prior to the report. The

Bguared correlution coofficlont, which is based on the some number of constants asy
formula 14, is R% = ,770 25/ The new variable, considered alone, is a better in-
dicator of final Jisld than reported June 30 oondition when that veriable is used ;
alone, g

B&/ Sources! World Weather Records, Smithsonion Miac, Coll., Vols, 79 and-90;
HMonthly Rocord and Monthly Weather Map, At Winnipeg, observations are availahle :

. since 1873, ot Edmonton and Qu'Aprollo since 1885, at Calgary since 1884 18%

- AdJusted Lo average of the four stations,

. P3f Tuble 2, Yormula 15, If a mathomatical curve had beon fittod to tha net ru*t‘%
-.sion of yiold on condition in formule 14, tho significance of the Incrcase of Lhe
cor;olation.COOfficient oould have boen established by means of Hotellins's tcst,‘
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: ' Tho rogrescian covfficiﬂnt for the 10 dafs' nraninitation E nov"ialv 50Mma~
whot btoo high, on account of one exceptionelly large positive deviation ia 1623

One may bo inclined, therefors, to nut less rcliunce in formulas lo and 186 baon in
formula 16a, derived on the basis of 20 daye! prbcinitrtxon.

The 1ntroduction of average maximum temper@turc nrovnllinf duriar the %O daye -
preceding the revort yields formula 16 vith a multiple correlation incex of F<= ,916,
This correlation index is actually greater than the highest thet could ba.obtﬂined
on ‘the basis of condition as of July 31, It romains to bo seon victasr tae Juae. 30
formula, wvion extrapolated, will actuslly prove to be a morc ralicble besis of fore-
casting yield than that bosed on July 31 condition., Tane nut rogrossion of wicld on
June 30 condition is shoun in fig. 8 on pago 10; tho net rbgrossion of yi.ld on
temperature in fig, 19 on poago 18,

The dncroasce over forrmls 15 {6 significent, with z = 8256 which is betwoon
the 5 porcent (.6757) and the 1 vorcent (.9724) points of-signi‘iccncv Commuted
yields from formula 16 are compered with sctual yiclds in ¢13, 26 on migo 26,

As in Saskatchewan, a curva wes fitted to the tomnbraturu regrassion,  Ale
though the siznificance of the demerturs from lincarity wes not clearly \stablish(d
this relotionsnip doserves considoration as a rrasonable hyvothesis for future
studies as date for subsequent years become available, In this case z = 7220,
which 1s below the 5 percent point (.8163), The fact that a curvilinear regression
(fig. 20) was found in Saskatchewon as well as in Alberta is in itself a strong ine
dication of the validity of the hypothesis. The correleation between wieest ylclds
in Saskatchewan and Iin alberta is low. o : :

If rainfall end avercge maximum temperature during the 20 days nr,vedlao
- July 10 eorez substituted for weathor conditions during the lest 10 days of June,
cquation 16a with a somewhat smaller multiple correlation index 1s obtalaed
(P2 = ,827), The not rb@revflon is shown in fig, 11 on vege 12, Cemputad yields
arc corpurad vith actual yields in fig. 28 on page 30, Hovov.r, in viow of tac une
doubtedly greater ~accuracy of tho 20-dey averages, one mizht bo inclined to prefor
’_this formula over formula 18, If formnla 168 is-comoared to formule 14 it apnears
that the inclusion of wwatn\r conditions during the 20 days nrior to Julv 10 has
resulted in a significont incronse of tho totol determinction since z = 7953, which
fg botveon the 5 pereent (L6757) and 1 porcent (,9724) points of significeacs, The
fitting of a curvilinoar rosrossion for tno temperature variable givoes a alizhtly
higher .correlation index than would be the cose on the besis of a straight regres-.
Bion line, but the difference is not statistically significent.

Ag in Saskatchewan, the residucls left by forrmala 15 show & distinct ogeil-"
'Tatorv movement which was dcalt with by fitting .a sine curve, defined by a period of
12 years and orizin halfwvay btotween 1935 and 1926, & multiple linear resression ]
equation was f£i*%:d to the dota on the basis of condition, proscasonal precipitation
procipitation during the last 10 days of June, and a sine Tunction of time. Tnis .
sot of avriables viclds a squarcd correlation cooffici-nt 37 = ,868, Tuis is for-
mila 15a,- The not regression of yield on "time™ is shown in Fig. 16 on mage 6,
Actunl and computod yiclds are shown in fig, 24 on page 24, Hevortheloss, tho samo
reasoning as for Saskatchewan loads us to discard the formula as probably spurlous
end uscloss for forucbstlng PUrPOBAS, -
Condition ~t July 31t Tho squorad simplp corrclation indox botwaen July 31
‘condition and final vield (formulae 17) is p2 = ,662, The rogression of yicld on. .=
conditlon-is shown in fig, 4 on page 6, When prescasonal pr«cipitation is wged to-, .
. gether with a lincor interpretation of condition, tho sguercd corrclmtion o

"”53/' abtd - regerding tho square torm of thy purved rezross ton, ond . tho nav vvinDT\
.10 doys! precipitetion, as "nlhurnutivo" varicbloo, _'-'- e

BRI




- B .

*

'l"coaffici\nt bas cd on the same number of conatant ns the indux in formula 17 inm

‘creascs to 13 =787, This 1s formule 18 and the combpted yiclds ore compsre 2d with
the actual yiclds in fig., 30 on page 32, Howover, this confici(nt scarcely ox-
ceeds the index obtained a month arlxor wvhoen the samo factors ore vsoed, snd it is
actually smaller than the indexes computed for June 30 when weather conditions orior
_to the datc of 4he report were included, No significant improvement is obtained by
using July 31 condition rather than a linesr interpretation of conditicn ot June 30,
(t = 1,1395 which, with 13 degrecs of frocdom is at the .30 level of significance, ):
Ag the QEEXLLLQQQR interpretation of June 30 conditinn yiclds a siznificantly higher
correlation than thoe linear regression, the improveoment duo to July 31 condition be-
comes cven less sigaificent, The significance of the increasc of the multiple cor-
relation cocfficiont in formula 18 over thet of formula 17.could heve been ostob-
Lished by meens of Hotelling's test, if a mathomatical curve hod beea fitted to tac
regression of ylcld oa July 31 condition, ' '

Manitoba: Whercas it oppeered that for Saskertchowan rnd Alherte (wailch ac-
count for almost ninc-tenths of the Concdien whoet acroase) fairly relledle fore- »
casts of the yicld of whout might be possible more than tuwomonthe prior tothe harvest,
M the brsis of condition reports and one to three moteorolngicel varisdles, no
sotisfoctory bosis hes been dlscovered for forccesting wieet yiclds in lanitoba in "
connection cither with the May 31 or Juno 30 eondition romorts.

Portun(tﬁly, it 1s loss importent to hevo relirble prediction formulas for
Monitoba, for the following two roosons: 1. Onl 1713 mercent af the Cinadian wheat
ecreeso is in this province; 2, the yeer-to yoor varisbility of yislds is much
smallor in Manitoba than in Seskntchowen nr in Alberts. The variability of
wheat yields, as measured by the mean square of the dev1ations from the average, 1is
only 45 percent of that preveiling in Sdsk»tcnewcn and only 37 mercent of slberta,

Condition ag of May 31 and June 30 do not show anv sign:f1cant relation 1o
the final yield. Wor does the scatter diagram reveal any rclation between yield and
breseasonsl rainfall, However, the simple correlation of yileld with averaze maximum
temperature prevai}ing during the 10 days prior to the June 30 renory glves a cor-
rected cquared correletion coefficient of T2 = ,221, which is near the ,02 level of
slgnificance, Inclusion of oonditlon as a third variabdle does not imnrove this tor
mula significantly, : . : . .

Thus, for Menitoba, no reliable forecast seems to be possible until July 31;_

. Several aupgoqtions may Be put forward as to why this should be so, Lxperi-,
ence has shown that early condition reports would furnish a satisfactory basis of
forecusting yields vhero the crop is subject to the varisations of one predominent N
factor--as, for cxsmple, the moisture supply., Where vheat 1s gro'n under conditions
-approaching the meteorological optimum yield varintions become less latensive, it
“is trus, but also less predictable, as they dencnd on a nunber of relotively minor!

lnf]uuucos««metoorological or non-meteorological, Weather conditions during the’ - .
[1atcr part of the growing scason and ot harvest timo becomc roWativcly more inpor~-_ {

:tant

Condlt)on at July Bl is correlated with final viold with a Bqu“rod corroln«ﬂ?

tion coefficlont of »° =551 (F° = L521). The regrossion squation is

.xi‘ = +,15810 Zno “he dncluslon of preseasonal procinitation as o socond dotermi~ N
.I,nqqt variab)n does not lead to a . significant improvemont of tho fornulc e :
(R% = 601 (IL“ = aazm) and >-1 C= R 10178 %y = W53 *05., e

%
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(1) Tho officisl condition reports, basod on crop reporters' roturns,
. which werc issued by the Canadian Government as of June 30 and
"July 31, may be used as a basls of forecasting yield and produc-
tion of wheat in the Prairie Frovinces, except for Manitoba, where
only the July 3L condition exhibits a sufficlently high correla-
tion with finel yileld. .

(2) TForecasts based on these official conditlon reports may be sig- Ly
nificantly” improved by allowing for variations in subsoil molg~ L
turo (as representod by one of its detorminant factors, S
preseasonal precipitation) and for weather conditions during o
the period immediately preceding the report, '

‘ It would scem, in Tact, that in Albarta, condition teken 1n cenjunction with
the above weathor factors would provide a better basis of forecasting wheat ylelds
early in July than this was possible & full month later on the basis of condition
‘elone, In Saskaotchewan, forccasts made early 1ln July by means of the condition~and-
- weather formulas might Dbe expected to be about as rellable as forecasts made carly
in August based on condition alone, ' ' ' '

But in ovaluating the reliability for forecasting purposes of the formulas
developed in this study, it should be kept in mind that all oxtrapolation ig besed
on the assumption that the relations studled will remain cssentially the same ag
"In the post, and that no new relovant factors will eppear in the future,

: Furthermore, it amust be noted that the formulss are based malnly on the con~-
dition figures issued by the Canadien Goverament. Except in the casc of the May 31
formulas, "condition" is the predominent factor, while the metcorological factors
Cere of relatively minor importence, Consequontly, our results cannot Dbe cxpected -
to be accurate whencver the collectivo opinion of the crop corvespondents falls far‘ o
-off the mork as an indicator of yilcld, ' T
’ Finally, it must be remembered that the formulas derived in this study are
average relationshipg, 1liable to broaking down if gpecial clrcumstances prevail,
“Sometimes, it will be possible to debtect such special circumstasces in advance, if
the premises on which the study is based are kept in mind, It is conceivable, for
instance, that 1n years in which the precipitation during the growing season is s0 .-
plentiful that the subsoil moisture reserves are not tapped by the plant, the in-
fiuence of the varlable "preseasncnal precipitation" will be negligiblo.

The formulas dorived in the present study havo been used as a basis of fore- -
costing wheat ylelds in Sngketchowan and Alberta in 1938, 1939 and 1940, The re— .
eultn of the extrapolation for Saskatchewan are shown in table 4 and for Alberte in -
table b ' ERCIER

. If one compares the chorts showing the time series of actual and computed -
vields, it appeors that, with tho exception of the 1940 figures for Saskatchewany
tho srrors nmude in forecustinz whoat ylelds aro well within the range of tho crrova’
¢f estimato during the period covered by the analysis,  In Alberte, of 22 foro-
casts 11 do not ecxceod the stondord error of estimate; none exceeds tulce the _
ptandard error, In Saskatchowen, of 18 forocests made for 1938~1939, 11 do not ecx-~
setd the stondard error of cotimato; only one is in excess of twice the stendard
srror,  Of the 9 forocastn made for 1940, however, 6 are in excess of tvico the
stondord orrore : . : '

- - More relevant for an evaluation of tho study is the quention vhothor the @
inelusion of one or more weather voriobles along with roported condiiion hus.:otu-
YLly-Led to en improvement of thoe forccusts as compared with ihe formulas boned on
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gﬁnnm‘ﬁ,;yaaxnasms YOR 2938, 1938, AUD 1940 « CASKATOHNIWAR

' . Prossaoonal 10 daye 10 daye ;
-‘?i"g:'m\?\iax.mﬁg;%. Gonditlon precipitation precipiietion 1/ tomperature &/
bR OrF . exg Or
Year 2 Nag) | 3 T B e * £lxg)
Hay &1
l 1923 O +1.79
1929 0 L, 72
1340 0 0. 00
2 1938 0 4l BB | -~ L5856 1034
1929 0 =0, 62 + ,29 +0,69
1840 0 0.00 =1 B7 ~3,99
Juns 30
3 1978 6 | -1.10
1939 6 +4. 20
1910 6 e 20
4 19‘1‘&3 %+ 4: 6 0«,00 - .56 ‘“1001
1989 .6 #2.70 + 29 +0.62
1940 G =, &6 =1,67 ~3.01
] 1940 + 4,5 +). 20 - 6 «0.92 «0.03 «0.04
1539 +13.8 473, 40 + o 29 +0.48 +0.77 +1,00 .
1240 + 1.6 +0. 90 «ls67 ~2.75 ~0,45 (.09
) 1928 .5 «0, 60 - o 56 (.91 «(),03 =0.02 -1,1 +0,38
‘ 1939 06 +|_’5~20 + 029 "'0-4‘7 “"‘0077 +Oe53 "‘601 +1n77
lQGO aﬁ "‘19 75 "'lo 67 "'2. 72 "'0¢ 45 "0031 -4:««': “"lagl
6a 1929 4,6 | ~0,80 - JEB ~0.82 ~0.87 -0.52 =08 «Q0 60
' 1829 31 & ﬂ’)nf.‘() + ..29 4‘0043 "0-77 .. . "‘052 “‘atl *0083
1940 106 "“10 EO . "1-(’:‘7 "'2. 46 "Oa 58 : ‘”‘_Oo'ls - "'1:6 "'00 10
A.Tnly 31 o
v 1920 4 -2, 25
1929 | ) 4+, 40
1940 fi ~le X
(4] 1988 4 «0q 85 ~ BB 0.7
: 1939 8 +1, 0 + .29 10,37
3940 6 0.00 «1.67 «2.13

co A/ Por formla ba, 20 gﬁuya preoipitation.

&/ Yor. formule 6a, 20 days temperature

y




PABLE 4 (Cont.)-FORECASTS FOR 1938, 1939, and 1040 ~ BASKATUHIVAR

37

vate of Reporiy, Pinal tad Pinal
Formula, and x Oomputed) | offictal | Acreage NN 0rf1cia)
Your 1 el Yleld e b Production
May 31
1 1628 +1.8 15.3 10,0 18783 211 128
193¢ w0a'? 12.8 19,1 14233 i82- 271
- 1940 Q.0 12. 06 7.1 16571 210 267
2 1938 0.2 13,7 10.0 13703 189 138
1939 +0.1 13.6 19.1 14233 194 271
1940 ~4,0 9.8 17.1 10667, 148 a7
Juna 30
3 1838 wl,l 12.4 10.0 13793 171 1&8
1939 +4,2 17.7 19.1 14223 252 2%y
1940 wle 11,3 17.1 1667 1768 337 .
4 1938 «1.0 12.5 10,0 13793 172 138
1929 +3: 2 16.7 . 19.1 14223 - 238 271
1940 3.9 2.6 17,1 165871 149 25
5 1938 0.6 12.7 10.0 13793 B3] 129
1939 4,9 18,4 19.1 14233 282 2?1
1640 who? 0 & g 16671 1406 207
6 1238 w1l 12,3 10.0 13793 170 128
1929 46,0 19. 5 19.1 14233 278 271
1940 3.5 20.0 17.1 15671 166 267
Ga 1938 «l. 11,0 10.0 13793 160 13
1939 +4,0 7.6 19,1 14233 249 a7}
1940 wd, 0 9.B 17,1 EL7L 148 287
July 31
7 1938 262 11.3 0.0 13793 168 128
1959 +1.4 14.9 19.1 14233 212 71
1940 ~1,38 12.2 17.1 16571 180 267 .
8 1938 «l.6 11.9 10,0 13793 164 138
1939 +1.7 15.2 19.1 14223 216 271
1540 =31 11.4 7.1 155671 178 207

l ..
3/ Computed yleld = xj + Xy

(_X’l m 13-5)
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PABLB B - FORECASTS POR 1938, 1839, AND 1840 - ALBERTA

! Proeeavonnl ! 10 cays ,W 10 days
Date of Report, Condition procipitation | et tugtan B/ temperature 2/
Yormula, and S ol R SR g RS s e 4
Tear by or [ x dx % ex? N
X3 £ (x0) %y S T2 by 8 £{xp)
Moy 31
12 1938 + 0.6 +0. 14 +0.61 +1.35
1939 - 2.4 -0.54 «0.456 -0.99
1940 -~ 0.4 -0.09 +0.,67 +1.48
June 30
L3
13 1948 - 1.6 «2.88
1939 +12.4 +3e 50
1940 1+ 3.4 -1.40
14 1938 w 1.6 wl, 30 +),61 .55
1939 +12.4 +3, 50 w45 -0.41
1640 + 3.4 «~0, 50 +Q, 67 40,61
15 1938 - Lo “0, 21 +0.61 +0.74 +0.23 +1.02
1938 +12.4 1. 60 «e45 - 84 <0, 44 wle OB
1940 - B4 +0y 44 +0.67 +0,81 =04 29 ~1.72
16 1938 = 1.6 () 85 10,61 +0. 85 +(, 23 ). 54 +1.1 w)aE6
1059 +12.4 A3 (o 45 ~0. 62 (o4 m), 08 &, B +4,10
1940 + 3.4 +0.10 +0.67 40,93 | ~0.33 | 0.4 2.3 +0.32
16a 1948 - 1.6 «), 25 +0, 61 +0.41 e «f). 70 0.1 00
1979 +12.4 +3. 70 ~0.45 «~(a 0 =1, 61 -l.52 w5 +1.40
1940 + 304 +0.10 +0,.67 40,45 =)o 34 ~0.43 -0, 9 ~0602
July 31
17 19:'1\ + 7.2 ‘ 4'0. 55
1989 Tt 6.2 .20
].940 "'15!3 +8095
10 1928 + 7.2 +).47 0. 61 40,79
1929 + 6.2 +1.26 ~0. 40 «0, 08 J
1940 | +16.2 +3.10 ), 67 oL 6h L

1/ Tor formula 16a, 20 days precipltation. 2/ Yor formula 16a, 20 days temperature.

v BE -




| TATE 6, (Ocate) FONTZCASTS FOR 1938, 1939, AND 1940 ~ - ALDINTA

Date of Report, oty ¢ Final ‘ 24 Final
forrule, and 2 Cnal| etftoim | herense | propoeigen | _Offietel
Teor = Yield - ' Preluction

iy 31
12 1938 41,8 18,0 18,6 - 7969 143 148
1929 «1.5 16,0 19.3 BI57 128 161
1940 +1.4 17,9 20,9 0567 - 188 181

June <O
13 1088 | =2.8 13,7 18.6 7959 109 148
1629 +3. 4 19,9 19,3 8E&Y 166G 161
1810 1.4 16,1 20, 8667 151 181
14 1900 «l.3 15,2 18,6 7969 121 148
1939 +3.6 2,1 19,3 8357 187 161
1940 | =0,3 16,2 20,9 £267 140 183
18 1930 +1,6 18,1 18,6 7869 144 148
1953 «0.9 15,6 19,3 Bas7 131 161
1040 0.5 16,0 20,9 8567 129 181
36 1948 0,7 16,8 18.6 7969 245 148
1939 | 44,7 21.2 19.% £267 v 161
1940 40,4 18.9 20,9 6267 146 101
168 1588 ~2ed 14,1 18.6 7859 02 140
1959 +1.9 18,4 19,8 £2ey 151y 161
1930 40,1 16,6 20,9 8667 14 101

- dJuly 31
17 1528 40,6 17,1 18,6 7969 138 148
1929 0.2 18,7 19.3 BESY 140 161
1910 43,0 19,5 0.9 8667 169 181
19 1933 42,3 18,8 18.6 7969 1£0 148
1959 40,7 17,2 19.3 0567 144 161
1940 +4,0 20,6 20,9 8667 178 161

3/ Computed yield = ::% +'§gi




e

o In AMlberta, the inclusion of meteorological vnrrinbles led to & “GdLPtiOH . f
“of tile error of prediction in 15 casos out of 18, 26/ ¥or Saskatchswen, the b G
‘record was not as impressive, In 1938 and 1939, the inclusion of one or more P
wenther foctors led to an improvement of the forecast in seven cases out of twelve, ' .

In 1940, howcver, the forocast based on condition alonc-~although very poor indeed~— ;
is uctuully better than the forecasts based on condition end one or wnore weother i
variables, ' ot
¢
:
;
3
!

B H e i A g v

'-_“”/ n.the' obae mee of p giwniflcnnt correlotion between May 31 condition ond vicla,
Aho averase iwjd for L 2L ~14937 wos usod to forceant 1968&1”’0 Vinlv‘l

¢ e . ' . . :
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R : . APPRITDIA
T.BLE 1 on paze B scts forth tha dete serics used in thie study.

: TARLAS 2 rnd 3 on prges 20 and 28 give a summary of tho results of this _
‘ study. Column (1) shows tho dete of the conditian repsrd sn which the verisus fof~.

mulas erc based. ALL dete other than conditien which ere used in the respuctive
equations would be avallable by the timo the offlajel crop report was rcleased by
the Canedian Governmont. &s the official report was relcased about a veex to 10
days after the date of the correspondents! reports, a foreceat on the basis of ths
prediction formulas would not be possidble before June 8~10, July 8-10, or sugust
8-10, respectively, :

The variables used in each anzlysis sre shown in the stubj the serial numbers
of the formulas in column 1, number of constants involved in column 2, where all
free-hsnd regression .curves which were fitted to the data were assumed to absord 2
degrees of freedom, Taree constants are reguirad to describe the sine curve in
formulas Ha and 15a. The remaining degrees of freedom {number of observetions

~minus number of constants used) arc shown in column 3. 411 lincar regression co-
efficients and the sine function in formules 5a and 15a are found in colwm 4, The
symbol £(x) refers to the semi-mathematical frec~hend regrossions vhich cre shown

in diagrams, The dogree of total determination (square of corrclation cocfficiont
or index, uncorrected and carrected) is also shovm, The symbol rf refors to sinmpla
Jinecar correlation; pg measurcs simple curgilinear correlortiong R” 15 uscd in the
tease of multiple linear correlotion, and P~ in the case of multiple curvilincar COPe-
crelaticn, '

: TABLES 4 znd B on pages 35, 37, 38, snd 39 show tho oporations involved in
tho extrepoletion of thoe formulas for 1935, 1939 end 1940, In the odd columns the
‘determninant varicbles xg, Xz, ¥4 end X5 arc expressed in deviotions from thcir
1321~3%7 avernges in the cven columans, thoir effect is exprassecd in terms of yiold
per acre, in deviatiens from the average. Thoese deviatinons arc swmmed up to obiain
the computed yicld, xy' (in doviations from the average), The letter is added to
the oversge yicld in 1821-1967 (X) to obtain the computed yicld in bushels per acre,
The computed yicld is multiplied by the acreage (in 1000 acros) to obtain the com~
puted production (in million dushels).

Tho curvilincar net regressions are illustrated in the figures. For cach
yoet, the detorminant variadle,is.plotied along tho z-nxis, the dependent variable
‘(oithor cctual yilelds, or yiolds corrected for the offoct of other determinent
“varlables, as spccified in the caption) is plotted olong the y-exis. smach noint

thus obtained is indicated by means of a smell cross, except thoso which sro the
fosult of extropolitlon (1938-40)¢ Tac latter are indiceted by smell circlose

Far formulns involving one or mare weathar facters, conperisens of comubed
wnd actuecl yielés in timo are {1lustreted in thoe figures, Actuel yilclds fro con~
gected by full lincs; cornuted ylelds by o dash lino, oxcept thnso obtoined by oxe
trapolation (1938-40) which rre indicrted by o dotted linoc. ‘ o '

v
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